INTRODUCTION
Dental amalgams are widely used in the restoration of decayed teeth because of their easy manipulation and of their passable mechanical properties. However, the difference in coefficient of thermal expansion, the lack of chemical bonding, and the shrinkage during setting produce gaps between the cavity walls and the amalgam restoration.
The subsequent penetration of fluids, debris, and microorganisms around the margins of the restoration may cause hypersensitivity and secondary caries. Therefore, various test methods have been designed to study marginal leakage around amalgam restorations.
Christen et al.1) used fluorescent dye penetration method in their tests, because fluorescent dye materials successfully penetrate flaws or crevices in test objects. Fluorescent dyes are useful as tracers, both topically and systemically, since they are detectable in extremely dilute concentrations.
In another recent study, Leinfelder et al.2) proposed the use of calcium hydroxide as an agent for monitoring microleakage and demonstrated that it can be used to detect microleakage in vivo. Isenberg et al.3) applied this method in vivo and reported a major difference from previous studies in that the detecting agent leaks from within to the outer environment.
These studies gave rise to a new laboratory method for the testing of microleakage in amalgam restorations. As a control, samples of the machinable mica glass-ceramic and set amalgams alone were subjected to the same thermal cycling process as the test specimens to determine whether either contained other fluorescent material.
No other spectrum in this region was detected. Measurement of rhodamine B was performed after one, three, five, seven, and ten days of the immersion period. Five samples of each alloy were tested. Averages and standard deviations were calculated.
Observation of interface between restoration and cavity walls We observed the interface between the amalgam fillings and cavity walls in the machinable mica glass-ceramic by scanning electron microscopy to examine the relationship between the concentration of released rhodamine B and the size of the gap. The specimens which were employed to measure the concentration of rhodamine B were fixed to the machinable mica glass-ceramic with a small amount of adhesive and then sectioned longitudinally. The specimens were ground on 600 and 1000 grid silicon carbide papers under cold water.
After polishing, the specimens were washed with distilled water in an ultrasonic cleaning machine for five minutes.
RESULTS
The cumulative amounts of rhodamine B found dissolved in the distilled water from the immersion of various amalgams subjected to thermal stress are shown in Figs. 1 to 3 .
The results for low-copper amalgams are presented in Fig. 1 . HAM showed marked microleakage on the first day, which levelled off thereafter. Although the microleakage from DM was smaller, this alloy showed a similar pattern to NAM. On the other hand, while microleakage from LUNA was slight on the first day, but increased at a steady pace thereafter.
The results for admixed high-copper amalgams are presented in Fig. 2 . LUMI showed a pattern of microleakage similar to that of HAM, although the amount was smaller. On the other hand, DIS showed a small amount of microleakage in a pattern similar to that of LUNA. The microleakage from this amalgam after 10 days was the smallest of all the amalgam alloys used in this experiment.
The results for single-composition high-copper amalgams are presented in Fig. 3 . TY and SP-D showed almost the same pattern, and the amount of microleakage from these amalgams on the first day was marked. SY showed a pattern similar to those of TY and SP -D , but with a smaller amount. Although the microleakage from HV was slight on the first day, it increased after three days and leveled off thereafter.
In Fig. 4 , the total amount of microleakage from each amalgam after immersion in distilled water for ten days has been arranged according to copper content and particle shape. Table 4 shows a comparison of the total amount of microleakage from each amalgam alloy using the two-tailed t-test. Of the low-copper amalgams, HAM, which is composed of spherical particles, showed a greater microleakage than did alloys of lathe-cut particles (LUNA and DM); a highly significant difference was observed between HAM and both LUNA and DM (p<0.01). On the other hand, LUNA and DM showed almost the same level of microleakage, and no significant difference was observed between them.
As for the single-composition high-copper amalgams, SP-D, TY, and SY, which are composed of spherical particles, showed greater microleakage than HV, which is composed of lathe-cut particles. A highly significant difference (p<0.01) was observed between the former alloys and HV. The admixed high-copper amalgam LUMI, which is composed of a mixture of spherical particles of different compositions23), showed almost the same level of microleakage as the single-composition high-copper amalgams having spherical particles; and no signifi- cant difference was observed between LUMI and SP-D, TY, and SY. On the other hand, DIS, which is composed of a mixture of lathe-cut and spherical particles, showed little microleakage compared with SP-D, TY, SY, HV, and LUMI, this difference being highly significant (p<0.01).
The amounts of microleakage from alloys of lathe-cut particles (LUNA, DM, and HV) were less than those from alloys of spherical particles (HAM, SP-D, TY, SY, and LUMI) in both high-copper and low-copper amalgams. The differences in the amounts of microleakage between the spherical particle and lathe-cut particle amalgams were less significant (p<0.05), Photo or more highly significant (p<0.01). Furthermore, DIS showed significantly less microleakage (p<0.01) than all the other amalgams used in this experiment.
Photo 2, 3 and 4 show secondary electron images of the largest spaces found between the amalgam fillings and the cavity walls on either side of each specimen. Of the low-copper amalgams, HAM, which is composed of spherical particles, showed a fairly large gap between the amalgam fillings and cavity walls. On the other hand, the width of the gaps formed by LUNA and DM, which are composed of lathe-cut particles were smaller than those of HAM. In the high copper amalgams, the width of gaps formed by HV which is composed of lathe-cut particles, and DIS, which is composed a mixture of lathe-cut and spherical particles, were smaller than those formed by SP-D, TY, SY, and LUMI, which are composed spherical particles. In addition, alloys of spherical particles (HAM, LUMI, SP-D and TY) showed many voids within the body of amalgams compared with lathe-cut particles (LUNA, DM, and HV) or of a mixture of lathe-cut and spherical particles (DIS).
DISCUSSION
In the present study, the amalgams labeled HAM, TY, SP-D, SY, and LUMI, which are composed of spherical particles, all showed a similar marked microleakage on the first day.
On the other hand, the amalgams labeled LUNA, DM, and HV, which are composed of lathe-cut particles, showed little microleakage; and DIS, which is composed of a mixture of lathe-cut and spherical particles, showed the least microleakage. thermal cycling, and reported that the marginal adaptation of an alloy with low-copper spherical particles was greater than that of alloys with low-copper lathe-cut or high-copper spherical particles.
In the analysis of early microleakage of the amalgam alloys in this study, we observed the interface between the amalgam fillings and cavity walls by scanning electron microscopy. The width of the gaps formed by alloys of lathe-cut particles (LUNA, DM, and HV) or of a mixture of lathe-cut and spherical particles (DIS) were smaller than those formed by alloys of spherical particles (HAM, SP-D, TY, SY, and LUMI) in both high-copper and low-copper amalgams.
Furthermore, alloys of spherical particles except SY showed many voids within the body of amalgams compared with either lathe-cut particles (LUNA, DM, and HV) or a mixture of lathe-cut and spherical particles (DIS). The interface gaps appear to be enough to permit microleakage to some degree in all specimens examined. These results agree with the findings of Wing et al. 24) , who found that a well-condensed spherical particle amalgam was separated from the tooth by a wider space than a similary-condensed lathe-cut amalgam. In addition, these results were also supported by the findings of Symer et al. 25) , who reported that, in general, lathe-cut alloys adapt better to cavity walls than do spherical alloys. Furthermore, Cunningham26) found significant differences between the adaptability of lathecut and spherical alloys, the former being the more favorable.
It is known that adaptation depends on the plasticity or condensability of the amalgams. The condensability of spherical amalgams is not as good as that of lathe-cut amalgams because spherical particles tend to roll away from the condenser, resulting in gaps or voids and lack of adaptation to cavity walls. The lack of adaptation may result in the ingress of oral fluids into the gaps between the amalgam and the cavity walls. Although we only observed the gaps between the cavity walls and the amalgam fillings by scanning electron microscopy, these observations seem to coincide with the results of the measuring method for microleakage employed in this study, since the size of the gaps appears to be proportionally related to the amount of microleakage. Fanian et al.27 ) published results of an experiment regarding marginal leakage of dental amalgam concluding that marginal leakage of dental amalgams should not be judged solely on the basis of the shape of the particle or composition. However, it appears from the results of the present study that the shape of the alloy particle may affect the marginal leakage of dental amalgams. 
